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Detection and Management of Brain-Heart Interrelations
ROBERTS. ELIOT, MD, FACC
Denver, Colorado
Although our bodies retain the mechanisms for handling
the physical threats that faced primitive mankind, today
we face more abstract stresses and challenges, in modern
times, the physiology for chronic vigilance or acute alarm is
rarely beneficial and often can be harmful . New information
on brain-heart interrelations and their mechanisms, effects
and management has burgeoned in the last 2 decades . We
now know that the brain produces 10,000 neuropeptide
hormones that turn on and off various physiologic functions,
in essence writing prescriptions for the body that can deter-
mine health or illness, The importance of this new informa-
tion to clinical application is based on three types of obser-
vations: field observations, animal studies, and clinical
investigations .
Field Observations
My first field observations of the cardiovascular effects of
mental stress were as a consultant at Cape Kennedy where a
high rate of sudden cardiac death was noted among the
young aerospace engineers and technicians
(I) . Surprisingly,
necropsy did not show blocked coronary vessels as was
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expected . Instead the vessels appeared fairly normal, but
some of the myocardial fibers were ruptured . The fibers
appeared to be in an overcontracted state, which causes a
special kind of lesion called contraction band lesions or
coagulative myocytolysis.
In addition to the high incidence of sudden cardiac death
at Cape Kennedy, we found a high incidence of anxiety,
depression and divorce (1) . Indeed, 68% of the foremen
and managers at the Cape had the same test results as
did a group of psychoneurotic individuals on outpatient
psychotherapy . Yet, obviously they were not "crazy ."
After an 8 year investigation, we reached the conclusion
that these men had suffered psychologic and physiologic
damage related in strong measure to their work stress
and to the negative incentive program under which they
labored
. Because of budget cuts, after each successful
launch, 15% of the workers were laid off . In a work-oriented
society, one's worth and value are determined on the basis
of occupation
. Thus, it was not the 70 h weeks needed for
firing rockets that was killing them, it was the fear of being
fired themselves.
Bjorn Falkow noted that his extensive studies of animal
behavior paralleled what we had observed
. In animals that
struggle and perceive they cannot win, the physiology and
metabolism change with fatal consequences
. He called the
phenomenon the "struggle-defeat syndrome
."
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Animal Studies
My group (2) also had done work with animals to try to
determine the physiologic cause of the deaths. Others (3) had
already demonstrated that various stressors could provoke
cardiovascular changes and death in animals and that the
autonomic nervous system was extensively involved
. We
therefore suspected adrenalin-like substances . Anesthetized
dogs were injected with a variety of endogenous and exog-
. .ch amines . Within 5 Min, the contraction band
heart damage developed, duplicating what we had seen in
the aerospace engineers at the Cape . These changes permit-
ted reentrant phenomena leading to ventricular fibrillation
and sudden cardiac death . Later studies proved that the
changes were not due to ischemia as is the case in myocar-
dial infarction . Clearly this form of myocardial necrosis
could result from overdoses of catecholamines .
In our studies of coagulative myocytolysis in dogs (2), we
observed that the myofibrils undergo lysis in a matter of
seconds to minutes after a large dose of catecholamines,
and, if the animal survives, these disappear within 241o 48 h
leaving empty sarcolemmal tubules . In a few days these are
replaced by patchy myocardial fibrosis, indistinguishable
from that resulting from various other types of heart damage .
This is in contrast to the residual thinning of the myofibrils
and leukocytosis seen with myocardial infarction .
With the aid of isolated rat hearts (Langendorf prepara-
tions), we studied the metabolic changes associated with
perfusion of catechols. lfcontraction bands were a precursor
to infarction due to inadequate perfusion, then the tissue
would show decreased cyclic adenosine monophosphate
(AMP) as a manifestation of ischemia . But instead the
catechols induced the contraction band necrosis with no
change in aerobic metabolism . The cyclic AMP did not
diminish as it does when oxygen is inadequate . Further,
ligating coronary arteries to reduce the blood flow and
oxygenation reduced cyclic AMP but did not produce con-
traction band lesions .
In our studies with dogs (4,5), the effects of catechols
(isoproterenol or norepinephrine) could be counteracted to a
large extent by pretreating the animals with beta-adrenergic
or calcium-channel blocking agents.
Clinical Investigations
Cardiac responses to catecholamines
. The third step
toward clinical practicality was to find out how these obser-
vatiov- might apply in the real world . Among the victims of
sudden cardiac death, 20% have no atherosclerosis on
postmortem examination
(6)
.
In contrast to the increasing
chest pain experienced by patients with myocardial infarc-
tion, these victims usually have neither pain nor other
warning signs
. Their sudden death is thought to be due to
reentry precipitating ventricular fibrillation leading to car-
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disc arrest . Baroldi et al. (6) found myocardial contraction
bands (coagulative myocylolysis) on pathologic examination
in 86% of victims of sudden cardiac death . This type of
necrosis is different from the ischemic coagulative necrosis
found in myocardial infarction, but it is similar to that seen in
ruptured or overcontraeted skeletal muscle
. These cardiac
lesions are also seen in victims of muggings, test pilots who
lose control of their aircraft, and patients with pheochromo-
cytoma .
. that is, in persons undergoing a large endogenous
release of catecholamines . The role of the brain or percep-
tion can be inferred from the fact that contraction band
lesions are not seen in the hearts of persons decapitated
unexpectedly.
Catecholamines can have detrimental effects even when
they are not present in fatal amounts. Besides thinning the
ventricular wall, they increase platelet adhesiveness and
aggregation, lower arrhythmia thresholds and mobilize free
fatty acids . These chemical :& increase myocardial metabo-
lism in a number of ways such as increasing the thyroxin
output and decreasing the insulin secretion, thereby promot-
ing the onset or progression of atherosclerosis .
Because some people apparently have inordinate sensi-
tivity to catecholamines, we next sought some way of identi-
fying these persons . Dimsdale's brilliant work (7) on catechol-
amine levels in the blood, using a diabetic infusion pump in
reverse, indicated that catecholamine levels increased dra-
matically in stressful circumstances such as public speaking
ora visit to the dentist. However, our own studies showed no
consistent relation between high levels of catecholamines and
physiology . Possibly the brain can cause interdiction of the
catecholamines in some ways . Thus, not everyone who gets a
high level of adrenalin is necessarily vulnerable to extreme
changes in physiology and metabolism .
Testing physiologic responses to
mental and
emotional
stress. Obviously a different son of measurement, prefera-
bly by noninvasive means, was needed to test physiologic
responses to standard daily stresses . The physiologic re-
sponses to mental stress can be measured . For example, we
know that blood pressure can rise with mental stress . Fur-
thermore, studies using ambulatory blood pressure monitor-
ing have shown that the average blood pressure measurement
over a 24 h period or during work periods correlates better
with development of end organ damage (congestive heart
failure, stroke, sudden cardiac death, myocardial infarction,
and so forth) than does the blood pressure measurement taken
with the patient at rest in the doctor's office (8,9). This seems
reasonable, because such measurements more accurately
reflect the overall stresses a person faces regularly .
With the aid of international experts on mental stress
testing, we developed and refined a method for psychologic
stress testing that could measure stress responses in a
reliable and reproducible fashion
. Our method utilizes stan-
dardized low challenge cognitive tests and other laboratory
tests designed to simulate the emotional stressors of daily
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life (10) . The patient follows videotaped instructions to
perform beta-adrenergic challenges including mental arith-
metic and playing a competitive video game (Breakout by
Atari), and receives alpha-adrenergic challenge by putting a
hand in ice water for 60 s (cold pressor test) . During the
testing, monitors record blood pressure, an ECG, the heart-
beat and electrical impedance . The specially designed im-
pedance cardiograph is programmed to provide noninvasive
measurement of stroke volume from which cardiac output
and total peripheral resistance are calculated by computer .
The testing identifies which component of the vascular
system elevates the blood pressure (because blood pressure
depends on cardiac output and total peripheral resistance) .
Hot reactors . Our studies of several thousand persons
have shown that about 17% are hyperresponsive physiolog-
ically to standardized low challenge mental stress . These
persons we refer to as "hot reactors." Some hot reactors
have blood pressure elevations during mental stress in
excess of that on their treadmill tests, a disconcerting finding
in our sedentary world .
Our findings also demonstrate that hot reactors cannot be
identified by overt behavior: for example, they may be either
so-called type A or type B. We assessed type A behavioral
pattern by the structured interview developed by Rosenman
and Friedman . However, the correlation between type A
behavior and physiologic overreactivity, was very poor : 0.1
to 0.3 (II). These characteristics are separate and distinct,
compatible but different . One is basically subjective (type
A), the other objective (reactivity) .
Recent studies (12) have shown a significant correlation
between the average blood pressure during the competitive
video game and the average 24 h blood pressure determined
by ambulatory monitoring (r = 0.88) . The laboratory testing,
therefore, may also indicate future cardiovascular risk .
Various studies have found that hot reacting correlated with
hyperlipidemia (p < 0.05), family history of hypertension (p
< 0 .05) and susceptibility to illness (p < 0 .01) (13), among
other observations.
Applicability to Hypertension
Comprehensive evaluation of hypertension . We have also
used our system to study the hemodynamic status of patients
with high blood pressure
. The doctor attempting to manage
hypertension by cuff alone is at a tremendous disadvantage .
The reason, of course, is that blood pressure is the product
of how much blood the heart pumps-cardiac output (CO)-
against the total systemic resistance (TSR) it must over-
come. Thus
:
BP = CO x TSR .
Obviously the blood pressure is only one part of a three part
equation. Combining our comprehensive stress testing with
ELIOT
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impedance cardiography gives us a measure of stroke vol-
ume from which we can obtain all three parts of the
equation .
Our clinical evaluation includes not only the treadmill
ECG and low challenge mental and physical stress tests but
various other tests as well. The tests include a modified lilt
lest, hyperventilation, handgrip, Valsalva maneuver, cold
pressor test, mental subtraction under time pressure and a
competitive video game. During the testing we measure
blond pressure with oscillometric apparatus, determine
stroke volume with impedance cardiography and provide
continuous ECG monitoring
. The standardized challenges
used have proved to reliably identify and differentiate pa-
tients with fixed borderline and labile (hot reactor) hyperten-
sion .
Comparisons of the results obtained during the challenges
and at rest indicate whether the blood pressure is being
raised by increased cardiac output or increased resistance,
or both. The choice of medication can then be custom-
tailored to normalize the patient's physiologic maladjust-
ment
. Furthermore, repeat testing while the patient is on
medication can verify the therapeutic efficacy of the drug or
indicate what type of medication should be added or substi-
tuted.
Our tests show that barely one in seven patients whose
hypertension is treated and "controlled" on the basis of
blood pressure alone (one part of the three part equation) has
true hemodynamic control, with proper management of
cardiac output or total systemic resistance, or both . Six in
seven have a reduction of blood pressure at the expense of
normal physiology and are actually impaired physiologically
in the process . Such "cosmetic" control often is accompa-
nied by unpleasant side effects or even serious complica-
tions
. Often, for example, a medication will "normalize'
blood pressure by dramatically reducing cardiac output
while actually increasing total systemic resistance, and, not
surprisingly, the patient feels terrible
. The clinical difficulty
in controlling blood pressure physiologically may also be a
factor in decreased compliance, frequent side effects and the
lackluster impact of blood pressure treatment on stroke and
sudden cardiac death
.
Identification of "vasoconstrictive-falling output" pattern .
Over the past decade of data accumulation, we have identi-
fied a pattern that is associated with critical coronary le-
sions . This pattern involves a marked elevation in total
systemic resistance coupled with significant reductions in
left ventricular stroke volume during standardized mental
stress testing. In testing executives at Western Electric
(12),
we found eight apparently normal people with this pattern of
response ; six had a major cardiovascular catastrophe within
8 months
. In the last 6 months we have seen five patients
with this "vasoconstrictive-falling output" pattern develop
objective evidence of ischemic heart disease within I to 3
months, although no disease had been detected with ade-
1 10
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quate treadmill testing. We strongly advocate immediate
ieterventive action such as invasive studies whcr2ver this
pattern is observed .
Custom-tailored management of hypertension . For many
purposes our system incorporating the impedance cardio-
graph provides the equivalent of cardiac catheterization,
permitting the management of hypertension and postcoro-
nary bypass and postinfarction states, for example, to be
custom-tailored to the underlying physiologic state .
Here is an example of how we use it, A pn!ient came to us
because of hypertension, which had not yet been treated .
Our tests showed that the stroke volume index was low and
the total systemic resistance was high . A vasodilator was
prescribed, but it did not reduce his blood pressure suffi-
ciently. On rechecking him, we found that the total systemic
resistance had dropped but cardiac output had increased . If
we had looked only at blood pressure, we would have had no
idea what had happened. The next step was to decrease the
cardiac output slightly by means of a beta-blocker . This
treatment normalized the blood pressure and physiologic
state and the patient has successfully followed the regimen
for 3 .5 years .
The stepped-care approach to hypertension has obvious
shortcomings. If a diuretic is chosen as the first step, solely
on the basis of the blood pressure determination in the
physician's office, the patient with an already decreased
cardiac output accompanied by the induced hemoconcentra-
tion may suffer from orthostatic hypertension . At the least,
this will reduce the patient's quality of life . More serious
consequences also are possible : hypokalemia or hypomagne-
seimia, or both, can induce malignant ventricular arrhyth-
mins; hypercoagulability of the blood can result in stroke or
myocardial infarction ; adverse effects on ascites, gout, se-
rum chotestetcl level or triglyceride production may occur .
Beta-blockers chosen in the same automatic way for
antihypertensive therapy may be risky for a "vasocon-
strictive" hypertensive patient . Not only do these agents
lower cardiac output but, by reducing the effect of beta-2
vasodilator activity, they may enhance adrenergic stimula-
tion of the alpha vasoconstrictive activity and increase
rather than decrease total systemic resistance. In the oppo-
site case, the use of a vasodilator in a hypertensive patient
with high cardiac output causes an even higher output state
and can precipitate serious tachyarrhythmias, syncope and
worse .
Blood pressure must be controlled not only to lower the
blood pressure at rest but also to limit surges in blood
pressure
. Such surges can cause a dissecting aneurysm
and are implicated in damage to the arterial intima facilitat-
iag the development of atherosclerosis . among other disad-
vantages .
Portable stress test
. A portable version of our mental
stress-testing laboratory has been designed for office use to
determine levels of reactivity, employing mean blood pres-
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sure measurements that are comparable with the mean 24 h
blood pressure obtained by ambulatory monitoring. The
same sort of test can then he repeated after therapy has been
instituted to determine whether stress-related surges of
pressure have been controlled . This portable unit has also
been used in coordination with the ECG to reveal silent
myocardial ischemia, with results predictive of Holler mon-
itoring studies .
For patients, such custom-tailored blood pressure treat-
ment minimizes dosage and side-effects while maximizing
effectiveness, adherence and quality of life . For doctors, it
increases their confidence in the treatment and is reimburs-
able .
Reversing Hot Reacting
In addition to the diagnostic aspect of our system, we
faced the management problems of reducing physiologic
overreactivity. Hypertersioa, anxiety, cardiovascular reac-
tivity and atherosclerosis may all be manifestations of a
fundamental problem related to stress . Major conditions in
the industrialized world, such as overcrowding, uncertainty
of relations and work pressures, underlie the higher levels of
stress and anxiety in today's society . Because we cannot
halt progress, and few can change jobs or migrate to the
country, it is the individual who must adapt . Stress often
depends on the individual's perception or interpretation of a
situation, not the actual situation or threat itself . The indi-
vidual's perceptions and coping strategies then may influ-
ence the etiology of the endemic cardiovascular ills . Thus,
changing one's perceptions may be all that is necessary .
Because we were able to quantify the response to mental
stress, we looked for means of changing the response . By
utilizing various techniques-cognitive restructuring, bio-
feedback, behavior modification, noncultist meditation,
among others-people can modulate their cardiovascular
reactivity, change their perceptions of an inciting event and
improve their methods
of coping with stressful stimuli
. The
overreaction to stress has a teamed component and there-
fore can be unlearned .
Changing responses to stress in high achieving life insur-
ance salespersons. My colleagues and I attempted a group
approach involving
top-performing
insurance salespersons
drawn from the Million Dollar Round Table. The
officers
of
that organization had the impression that people who were at
the top 5% of life insurance sales were at increased risk of
death and disability, but no single insurance company of the
1,400 different carriers in the free world had the statistics to
support this. At their annual meeting we tested a group of
supposedly healthy volunteers with the portable laboratory .
Of the 123 we screened, 3v% were hot reactors (more than
twice the national average of 17%) and a further 25% had
high blood pressure at rest but had not been diagnosed as
hypertensive
. Only about one third were "cool" reactors .
tALC Vol. 12, No. 4
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Thirteen of the hot reactors participated in the treatment
study . Over a 6 month period. the combination of compre-
hensive evaluation, an individualized learning prescription,
personal education, integrated individual and group counsel-
ing and periodic follow-up produced statistically significant
nrovements in reactivity to stress Ip < 0 .0511, heart rate at
rest (p < 0.11001), depression index It, c It11(91I) . blood
pressure at rest (p •= 0 .0001) and body weight (p < 0 .066) . On
I year follow-up the improvements were largely
sustained,
and the individuals also reported 25 to >266(t increase in
commission income for the year, compared with an average
inerense of 11% for all members of their organization for the
same time period. Other aspects of their I ives also improved .
They estimated working time as 50 hlweak oil average
instead of 70 . They reported improvements in their marriage
and fewer problems with their children .
Conclusions. Behavioral change is not easy . It must he a
positive continuing process. It usually requires coaching by
professionals such as a physician or counselor, and motiva-
tion to prompt individuals to take an active role in sustaining
their own health . But, as always, the ultimate responsibility
is that of the individual . Carefully orchestrated behavioral
change is the key to reducing destructive behavior patterns
that ultimately lead to disease, lowered productivity and
skyrocketing health costs . Our experience and data suggest
merit in further studies of this type .
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gestive cerdiomyopathy independent of coronary artery dis-
ease (2) . Young women with myocardial infarction are six
times as likely to he smokers as are control women (3).
Continued smoking after myocardial infarCtiot is astOCI•
ated with a doubling of death rates (4-6) and continued
smoking predicts recurrence of sudden cardiac arrest (7).
Smoking causes silent isehemin (8) and reduces the anti-
anginal effects of propranolol, atenolol and nifedepine (9).
Continued smoking results in higher failure rates fur femoral-
